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beam focused to a beam radius of m at a wavelength
of 1047 nm to be pN/mW; this resulted in an
average nanoparticle escape time of 5 s. Assuming that a
channel waveguide is realized with a lateral spotsize of m,
typical of potassium ion-exchanged waveguides, our results
in Fig. 10 show that a gold sphere of the same size would
experience a gradient force of approximately pN/mW
in water for the optimized waveguide at the optimum wave-
length. In another example, gold Mie particles of radius 250
nm have been shown to move forward along an unspeci-
fied channel waveguide carrying a modal power of order 80
mW at 1047 nm at a velocity greater than m/s [12]. Our
calculations based on Fig. 16, for an optimized waveguide
with a lateral spotsize of m at this wavelength show that
a 40-nm radius gold sphere would be propelled forward at
a velocity, given by Navier–Stokes law, of m/s for a
modal power of 125 mW. This velocity would tend to in-
crease with the square of the particle radius, due to the finite
skin depth of the particle. The use of a wavelength close
to the particle resonance at approximately 550 nm would
lead to a velocity of 1 m/s for a reduced modal power of
0.3 mW. The forward forces are expected to be useful for
positioning particles at a surface but stable trapping may be
achieved by establishing a standing wave in the waveguide
to counteract the forward forces and set up periodic gradient
force traps along the direction of the waveguide [12]. The
use of optimized waveguide designs at the wavelength of
particle resonance is expected to lead to stable traps where
the intensity of Raman spectra generated at the surface of
the particle is also optimized.
Comparisonoftheforcesonmetallicnanoparticleswiththose
on latex spheres is useful to illustrate differences in their be-
havior. The variation of the total forward forces at the interface
with wavelength at optimum , corresponding to each par-
ticular set of indexes, as shown in Fig. 16 for gold and Fig. 17
for latex, clearly reflects the wavelength dependency of and
of the polarizability. In the case where water is the surrounding
medium ( ), the total forward force exerted on a gold
sphere as shown in Fig. 16 exhibits a resonant peak at a wave-
length close to nm. Since where the latter
peaks at exactly the same wavelength (refer to Section III-B2
and Fig. 8), the dominance of over in the total for-
ward force is clearly shown.
Some other interesting points are worth noting. First, the for-
ward force on a Rayleigh gold sphere, exceeds that of a latex
sphere where
(39)
This can be explained by the smaller polarizability and absence
of the dissipative force component for a latex sphere. Hence,
a gold sphere is expected to be propelled forward in the
direction at a velocity much greater than a latex sphere. Second,
by comparing the maximum gradient and forward forces, we
find that in the case of a gold sphere,
(40)
Fig. 17. Scattering force exerted on a latex sphere at the guide-cover interface
at optimum t corresponding to each cover indexes n =1 :33, 1.43, and
1.5.
while for the case of a latex sphere,
(41)
For instance, at nm, the gradient force exerted on
a latex sphere is N as compared to N
for the forward force, a difference in magnitude of . There-
fore, wheareas a gold sphere is driven by equally strong trans-
verseandaxialforces,alatexsphereexperiencesaforwardforce
which is insignificant compared to the gradient force acting on
it. Finally, as the plots for forward force suggest a maximum
at and a peak at nm for a Rayleigh
gold sphere, an optimized forward force is exerted on it at a
corresponding waveguide thickness of 901 nm. This is slightly
smaller than the thickness required for optimizing the gradient
force, described in Section III-C1.
IV. CONCLUSION
Movement and trapping of nanoparticles in the evanescent
field of optical waveguides is of potential interest for particle
sorting and mixing and for the optical interrogation of trapped
particles at surfaces. These applications require a thorough un-
derstanding of the interactions of particles with the evanescent
field of a waveguide. In this paper we have presented a de-
tailed study which quantifies the various forces acting upon di-
electric and metallic particles in the cover region of a homoge-
neous planar waveguide, in the case of the TE polarization, for
the first time. The particles are drawn toward or repelled from
the surface of the waveguide by a gradient force whose direc-
tion and magnitude depends upon the real part of the polariz-
ability of the particle and the intensity gradient in the evanes-
cent field. The particles also experience a force in the direction
of modal propagation due to the sum of dissipative and scat-
tering forces. A minor gradient force contribution in this direc-
tion, due to waveguide losses, was found to be negligible for
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